Three-dimensional effects are included with the parameter 1 + r, where r is the ratio of velocity gradients at the edge of the boundary layer. 
where _e,i,j(l+r) is the limiting form ofx in the stagnation region and _e,i,j is the streamwise velocity gradient which, using Newtonian theory, can be approximated Qw,EQ reference value at each mesh point (i, j) of the nose region is defined 2 by
The reference value for frozen boundary-layer heating rate Qw,r at each mesh point (i, j) of the nose region is defined 17 by
For stagnation region flow, the normalized kinetic en- Thebridging functionZ(F') in Eq. 9 varies from 0 (equilibrium limit with three body recombination rates much faster than local flow rates) to 1 (frozen limit with three body recombination rates much slower than local flow rates). It is derived from a fundamentally based analysis of the atomic species conservation equations and is given by
Dahmkohler number defined at each surface mesh point by
The integrals I1, I2, and /3 account for integrated effects of reactions across the boundary layer on heating rates. They are tabulated 3 and curve fits are provided. In order to model the catalytic effect of the surface on homogeneous recombimation of both nitrogen and oxygen atoms in Eq. 14 we evaluate The diffusional contribution to the heat transfer function Q_ will jump discontinuously across the juncture because of the discontinuous change in the gradient da_o/d_7 = Fc_,_. for an abrupt change in surface catalysis from 3' = 7(T) to 7 = 1 with analytic corrections derived from CFD profiles obtained at 7 = 7(T) for point 1. 
Method
1G corrections are in better agreement with CFD when computed using a fully catalytic-baseline.
The mid-section of the RLV includes the windside surface, the wing, and a small part of the leeside surface. The CFD and integral-boundary-layer results for heating on this section are compared in Fig. 8 . Comparisons are generally within a few percent in a circumferential direction around the wing leading edge (Fig.   8a ), around the windside surface ( Fig. 8b ) and in a longitudinal direction along the windside centerline (Fig.  8c) panding aroundthe sideof the vehicle(32< j < 48) in Fig.  7a 
